Introduction
The benzimidazole, benzoxazole and benzothiazole skeletons may be found in numerous pharmaceutical agents with a diverse spectrum of biological activities.
1 These are important structural intermediates in the synthesis of a variety of pharmaceutical, natural, and agrochemical compounds (Fig. 1) . However various methods have been reported for the synthesis of benzimidazoles, 2 benzoxazoles, 3 and benzothiazoles, 4 but a real need exists for new and simple procedures that support many kinds of structural diversity and various substitution patterns in the target library. A variety of catalysts was used for the synthesis of 1,2-disubstituted benzimidazoles. 5, 6 Similarly the substituted benzothiazoles and benzoxazoles were also synthesized by several methods.
7 Unfortunately, many of these reported methods suffer from one or other limitations such as drastic reaction conditions, long reaction time with poor yield, side product formation, strong oxidizing agents, use of toxic reagents, hazardous solvents, use of expensive catalyst, more catalyst loading, and tedious workup procedure. Most of the reported catalysts are homogeneous having no recyclability whereas the reactions carried out with heterogeneous catalysts required non green solvents and higher temperatures.
Layered double hydroxides (LDHs), which are referred to anionic clays in comparison with cationic clays and also as hydrotalcite like compounds (HT) are an important class of ionic lamellar solids. The main property of hydrotalcites is their anion exchange capacity, which makes them unique inorganic materials to intercalate organic or inorganic anion. 8 Hydrotalcites are increasingly regarded as a good alternative to the traditional homogenous base catalysts such as NaOH and KOH for several base-catalyzed reactions that are important for the pharmaceutical and fragrance industries, 9 electrode modiers and catalyst supports.
10 A well-documented example is the isomerization of eugenol and safrole. 11 The structure consists of positively charged brucite (magnesium hydroxide)-like layers with interlayer space containing charge compensating anions and water molecules.
12
As far as green chemistry is concerned, hydrotalcites offer several advantages over corrosive and dissolved catalysts; easy separation from the reaction mixture, recycling possibilities, decreased corrosion of the reactor. 13 Hydrotalcites can be implicated in the preparation of catalysts dedicated to the production of H 2 , 14 wide range of organic compounds, 15 and production of biodiesel by trans-esterication of triglycerides with methanol. 16 In addition to the above numerous experimental investigations have been published on the use of hydrotalcites for catalytic applications.
17
Considering all above issues, there is a need to develop environmental benign green route and search new catalyst for the synthesis of benzimidazoles, benzothiazoles, and benzoxazoles. Hydrotalcite have higher catalytic activity due to high surface area than their bulk counterparts and due to this they have attracted considerable attention in organic synthesis. Therefore, as a part of our ongoing research aimed at the development of new catalysts and their application in synthesis of hetrocycles, 18 we report herein, a rapid and cost effective method (grinding method) for synthesis of hydrotalcite and used in synthesis of benzimidazoles, benzothiazoles, and benzoxazoles under solvent free conditions (Fig. 2) .
Results and discussion

Characterization of hydrotalcite
Absorption band at higher wave numbers 3695 and 3471 cm À1 in IR spectra (Fig. 3) 
19
Bending vibration of free carbonate anions give a band at 777 cm
À1
. The IR absorption band at 443 cm À1 has been assigned to Al-O bonds.
21
Mg : Al atomic ratio was measured using X-ray microanalysis and found 3.16, which is in good agreement with the metallic ratio (3.0) taken in solution. The value of
was found to 0.24, which suggest the purity of hydrotalcite.
22
Powder X-ray diffraction (P-XRD) pattern for sample Mg-Al-CO 3 is shown in Fig. 4 . The presence of CO 3 2À anion in the interlayer gallery of the hydrotalcite is conrmed by the characteristic basal spacing d 003 ¼ 7.76 A. This indicates a gallery height of 2.96 A (assuming a thickness of 4.8 A for the cationic sheets). The material is reasonably crystalline and suggests a relatively well-ordered sheet arrangement. 23 The crystallite size of this sample was found 24.87 nm as calculated using Scherrer formula. 24 More intensive and sharper reections of the (003) and (006) planes has found at low 2q values (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . A typical SEM image of Mg-Al-CO 3 hydrotalcite is shown in Fig. 4 . This gure indicates the existence of lamellar particles looks like rounded hexagonal shape and typical of hydrotalcite like Fig. 1 Some benzimidazoles, benzothiazoles, and benzoxazoles. Fig. 2 Reaction of 1,2-phenylenediamine, 2-aminothiophenol, and 2-aminophenol with aldehyde respectively using hydrotalcite. 25 The second mass loss between 223 and 330 C has been ascribed to the dehydroxylation of the brucite like layers along with anion decomposition leaving a Mg, Al oxo-hydroxide up to 330 C. Finally third mass loss has been assigned to progressive elimination of hydroxyl ions and produce metal oxides and spinel structure. The Ca : Al metal ratio was found in good agreement with the initially taken metallic ratio. The observed value for Ca-Al-CO 3 was 3 : 2 : 1. The P-XRD patterns for the LDHs Ca-Al-CO 3 exhibits features commonly shown by layered materials. There are narrow, symmetric, strong lines at low 2q values and weaker, less symmetric lines at high 2q value (Fig. 6) . 26 Presence of CO 3 (108) and (110) planes conrm the presence of hydrotalcite. The crystallite size of this sample was found 47.025 nm. SEM (Fig. 6 ) of the material shows high crystallinity. The particles of hydrotalcite Ca-Al-CO 3 clearly exhibit the hexagonal shape; however, big needle shape particles are also visible.
Chemistry
To optimize the reaction conditions, a model reaction of 4-hydroxy coumarin, benzaldehyde and 2-aminobenzothiazole was carried under solvent free conditions. Under room temperature (Table 1 , entry 1), reaction was slow and yield of target product was too low, even reaction has performed at 90 and 120 C (Table 1 , entries 4 and 5). Best yield was obtained at 70 C with minimum time (3.0 h). So, 70 C temperature was choose for further study. As shown in Fig. 2 , the reactions of 1,2-phenylenediamine with benzaldehyde (Scheme 1), 2-aminothiophenol with benzaldehyde (Scheme 2), and 2-aminophenol with benzaldehyde (Scheme 3) were selected as model reactions to investigate catalytic activity of hydrotalcite under solvent free conditions. To optimize the reaction conditions, variety of catalysts were screened in a model reaction of o-phenylenediamine and benzaldehyde and results are summarized in Table  2 . This clearly indicates that in the absence of catalyst, reaction did not work benecially (Table 2 , entry 1). From Table 2 , it has been found that best yield was obtained with hydrotalcite (HT, Mg-Al-CO 3 ) with lower time as compared to other catalysts. Further to identify the catalyst loading, different amount of loading (Table 2 , entries 2-5) was used and 20 mg of catalyst (HT) was suitable to promote the reaction efficiently (Table 2 , entry 4). An increment in catalyst concentration more than 20 mg did not show effective improvement in product yield (Table 2 , entry 5). Slightly lower yield was obtained with Ca-Al-CO 3 hydrotalcite (Table 2 , entry 6) as compared to Mg-Al-CO 3 hydrotalcite. Other metal oxide, hydroxide and chlorides give moderate yield of nal product (Table 2 , entries 7-13). Recyclability of the catalyst is an important task in industrial applications. Therefore reusability of hydrotalcite (Mg-Al-CO 3 ) was investigated for eight runs (Table 3 , entries 2-9) in a model reaction of benzaldehyde and o-phenylenediamine by incorporating 20 mg of hydrotalcite as catalyst (Fig. 7) . Aer completion of reaction, the contents were ltered to recycle the hydrotalcite catalyst. Recycled hydrotalcite washed with methanol to remove organic impurities. Mg II hydrotalcite catalyst can be readily recovered and reused for eight runs. It was found that the reactivity of the catalyst decreases marginally (approx. 9-10%) for the eight runs.
To generalize the applicability and scope of this protocol in the formation of functionalized heterocycles were investigated by using various substituted aldehydes. Different electron donating and electron withdrawing aldehydes were used and as expected it give good yield of target products, it can be seen that electron donating and electron withdrawing groups does not show any signicant difference on the reaction yields (Tables 4-6). This indicated that present catalytic system efficiently makes the condensation reaction much faster with increased yields.
Leaching test
Filtrate was analyzed for leached metal content by ICP emission spectroscopy. No metal was detected. These results conrmed that the metal leaching did not occur. However, Mg-Al mixed oxide was found to be thermally and mechanically stable and no signicant difference was observed in particle size and morphology of the used catalyst as evidenced by SEM.
27 To ensue the sustainability of structure of recovered hydrotalcite, XRD has been carried out which showed the similar prole as fresh catalyst which conrmed that layered structure of hydrotalcite was maintained aer the reaction.
Effect of aging time and SEM analysis
To observe the effect of aging time on the morphology of the material, SEM images of hydrotalcite samples at Mg/Al molar ratio of 3.0 were recorded. The micrographs at different aging times are shown in Fig. 8 . Micrographs of hydrotalcite show a well-developed layered and platelet structure of the hydrotalcite. However, a spongy type structure is exhibited due to overlapping of such platelets. The SEM images of the hydrotalcite showed a gradual crystallization during the hydrothermal treatment conditions. At the temperature 110 C (hydrothermal treatment temperature) and 0 h aging time, crystallinity of the hydrotalcite was observed to be very poor; however, as aging time increases from 0 to 10 h, the crystallinity of the hydrotalcite also increased. These results conrmed an increase in the crystallinity of the hydrotalcite samples at Mg/Al under hydrothermal treatment conditions.
Basicity of hydrotalcite
Basicity of the catalyst was determined using Hammett indicator and benzoic acid titration method. 28 All samples prepared in our study had the basic strength in the range of 9.3-15.0. The basicity of the catalysts with different Mg/Al molar ratios was shown in Fig. 9 . The main basic sites with H À in the range of 7.2-9.8 and the other sites with H À in the range of 9.8-15.0 were observed, thus suggesting the calcined hydrotalcites contain different types of surface basic sites. Di Cosimo et al. 29 suggested that pure MgO possesses strong basic sites consisting predominantly of O 2À and calcined hydrotalcites contain surface basic sites. Our experimental results on the Hammett titration method conform to this viewpoint. It indicates a wide basic site distribution as far as the basicity is concerned. As molar ratio of Mg/Al reach up to the maximum value 3.0, the total basicity of the hydrotalcite (catalyst) was increased gradually. But basicity was decreased when further increase the molar ratio of Mg/Al, which resulted in a loss of the catalytic activity. Qualitatively similar trends were also reported by other researchers.
30 Nakatsuka et al. 30a found that the basicity measured by titration with benzoic acid reached a maximum for Mg/Al ratio of about 2.6. Also, Fishel and Davis 30b measured the number of basic sites by TPD of CO 2 and a maximum of the basic site density was observed at Mg/Al ratio of 3.0. Best results were obtained with 3.0 HT, therefore basicity of 3.0 HT calcined at different temperatures was measured with the same method; the results are illustrated in Fig. 10 . From this gure, it can be seen that the maximum basicity (reaching 3.6 mmol g À1 ) is
found at a calcinations temperature of 750 K and a low level of basicity is observed below 573 K and above 750 K. The increased basicity could be expected to correlate with an increase of the catalyst activity.
Conclusion
In conclusion, we have developed green methodology for synthesis of hydrotalcite by grinding method. Prepared hydrotalcite could be used efficiently in selective, eco-friendly and green synthesis for variety of substituted benzimidazoles, benzothiazoles and benzoxazoles from 1,2-phenylenediamine, 2-aminothiophenol, and 2-aminophenol with substituted aromatic aldehydes under solvent free conditions. The catalytic activities of the calcined hydrotalcite show a striking correlation with their corresponding basic properties. The prepared catalyst were characterized with Hammett titration method, SEM, TG, IR and XRD showing the strong basic sites in double layers and coordinatively unsaturated O 2À ion acting as basic sites in the calcined hydrotalcite may be responsible for their catalytic activity. The crystallization of hydrotalcite was signicantly affected by hydrothermal treatment temperature and time. This is rst attempt to synthesize substituted benzimidazoles, benzothiazoles and benzoxazoles using hydrotalcite as heterogeneous catalyst which is easily separable and recyclable up to eight runs. Compared to previously reported methods, moreover, the mild reaction conditions, easy work-up, clean reaction proles, lower catalyst loading and cost efficiency render this approach as an interesting alternative to the existing methods.
Materials and methods
Experimental
The 1 H NMR spectra were measured using BRUKER AVANCE II 400 NMR spectrometer with tetramethylsilane as an internal standard at 20-25 C; data for 1 H NMR are reported as follows: Himedia Laboratory Ltd., Mumbai, India and used without further purication.
Preparation of hydrotalcite (HT)
Typical procedure. Al 2 O 3 (1.02 g) was suspended in distilled water (2 ml) and magnesium hydroxide (3.5 g) was added to the mixture and the contents were stirred giving the pH of 8. Then sodium bicarbonate (2.4 g) was added to bring the pH of the mixture at 10. The mixture was ground in mortar-pestle for 5 min at room temperature and the resulting white product was ltered and repeatedly washed with distilled water and dried at 100 C.
Typical procedure for synthesis of benzimidazoles, benzothiazoles and benzoxazoles. A mixture of aldehydes (1 mmol) and o-phenylenediamine, 2-aminothiophenol, or 2-aminophenol (1 mmol) was heated at 70 C under solvent free conditions using hydrotalcite (20 mg) as a catalyst. Aer completion of the reaction (by TLC analysis), the reaction mixture was cooled to room temperature and poured in cold water. Then the solid mass obtained was dissolved in ethanol and ltered. The solid hydrotalcite got separated as solid. Product was recrystallized in ethanol. Hydrotalcite was washed with ethanol to remove organic impurity and dried. 7, 119.4, 122.3, 123.5, 124.1, 127.3, 135.2, 135.9, 143.8, 147.6, 148.9 . 119.4, 119.7, 126.2, 127.7, 131.7, 132.4, 133.4, 142.2, 160.3, 164 .0. 91 (s, 1H, NH), 7.91 (d, 2H, 9, J ¼ 8.32 Hz), 2H, 7), 2H, 4), (m, 2H, ArH-1, 2); DMSO) 115.1, 122.3, 127.9, 128.1, 128.7, 128.8, 128.9, 129.0, 130.7, 131.1, 134.5, 150 .1. 2-(4-Methoxyphenyl)-1H-benzimidazole 3f. Mp 180-182 6, 114.6, 115.3, 121.4, 123.0, 123.2, 128.5, 130.2, 138.7, 152.8, 160.7 20.9, 121.9, 126.4, 127.4, 129.3, 129.4, 130.1, 132.2, 139.5, 150 9, 124.3, 125.41, 126.41, 127.92, 130.23, 131.67, 133.89, 143.25, 154.78, 168.24 . 21.3, 121.7, 123.2, 125.2, 125.5, 126.4, 132.9, 133.5, 135.1, 138.9, 154.1, 168.7 . 8, 123.7, 125.8, 126.7, 127.4, 130.3, 135.4, 137.4, 144.4, 154.2, 166. 8, 55.1, 121.6, 122.4, 123.0, 124.5, 126.7, 128.9, 131.8, 137.4, 150.6, 152.6, 165.0 8, 122.8, 124.9, 126.8, 130.0, 131.7, 137.5, 151.6, 153.2, 163 110.7, 119.6, 123.4, 124.8, 126.4, 127.4, 129.6, 138.4, 141.5, 150.4, 162.2. 2-(4-Methoxy phenyl)-benzoxazole 7g. Mp 98-100 C; R f ¼ 0.6; ESI-MS (m/z) ¼ 226 (M + 1); 1 H-NMR (400 MHz, CDCl 3 ); 2H, 9), 1H, (m, 1H, ArH-7), 7. 2H, 4 109.3, 113.3, 118.5, 120.5, 124.7, 125.6, 128.3, 141.0, 149.5, 162.1, 163.7 . Anal. calcd for C 14 H 11 NO 2 : C 74.65, H 4.92, N 6.22; found: C 74.42, H 4.79, N 6.11 .
Conflicts of interest
Author has no conict of interest.
